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INTERIM HEPORT CONTRACT Nonr-628(00)
 September 30, 1952

1, Conducstivity of thorium oxide crystals in various atmospheres.
Investigation of the electrical eonductivity of orystelline thoria -

in different gases at atmospheric pressure has been made. Optically

.0lear specimens of fused thoria were cut into rsctangular slabs of

approximately S mm langth., .Two faces of these erystals were platinum
coated by evaporatior. in vasuo., The specimens were pressed between
platinum plates by springs and heated in a furnace, Temperature
readings were taken with a PtePt/10 Rh thermocouple spotwelded on
one of the platinum 1lates. The experimental arrangement is shown
in Plgure 1. To make sure that no resistance due to possible
thoris-platinum interfaces obsocured the measurements, a large
specinen, oylindrical in shape, was made. Thias was fitted with
potential prodes. I¢ was seen that conductivity values determined
by voltommpere measurenents asocross the ends were identical with

those obtained by mensuring the probe potentials.

In general, the values of eonduetivity obtained when the
orystal was hosted in a hydrogen atmosphere toilowod the usual
temperature dependence for a semi-eonductory o= Aexp(-eV/kT). Te
value of oV obtained from the data of Pig, 2 1is 1.25. Por two
other specimens, values of 1,15 snd 1,20 were obtained.

The condustivity in oxygen was noticeably higher, as shown
in Plgure 2, Unlike the values obtained in hydrugen, the values
obtained in oxygen at low temparature do not appesr to be highly
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reprodusible. If tho orystal is in oxygen, und the temperature
is lowered from 1100° to (for example) 700° C, the conductivity
at the latter temperature will be seen to decrease with time,

The data obtained at the hijher temperatures in oxygen are repro-
dueible and give a value of eV = 0,74,

The neasuremen:s have all been obtained with the use of

the oircult of Plguru 1, Current was allowed to flow through the
gpecimen only long enough for the voltage across the capacitor

to come to equilitrim, This equilibrium voltage, being proportional
to the eurrent and the value of the resistor Ry, gives a measure

of current whish can be read on the elestrometer meter after the
measurament is asctually made, This 1s essentially a pulsed method
of measurement, and the total charge passed through the crystal

for each observation is very small, 'fhoao precautions are necessary
!inéo, if current is drawn continuously the conductivity of the

specimen may be drastically altered.

2. [Effeot of passagn of surrent on conductivity end selowr.
Figure 3 shows the typs of change whioh occurs when a crystal,

heated to 675° C 1n oxygen, passes current eont;nuounly. The

value of condustivity at serc time 1s an equilidrium value obtained
oy puléo maasurement., The surrent pasged bty the orystal with a
fixed voltage appliel is seen to increase with time of current
drawing, to & new equilibrium value., When the applied voltage isa
removed, the conduct’ . vity deomys to 1ts original value, the

points uloﬁg the decay curwe (not shown) being chteined by pulse

messurenents, Curve IY of this figure showe an even larger ratio
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of ehange at 5800.

Vhen current 13 pasgsed eontinuously through a thoria crystal
hested in hydrogen, very little conductivi.ty change occurs, If
the atmosphere 1s chinged froa hydrogen to helium, a conduetivity
increase of two orders of magnitude oceurs at 680° when current 1is

passed continuously. This 1s shown in the l: “ter part of Figure l.

In past reporta it has been noted that the conduetivity
chsrge and eolor ehangs ocour simultaneously when the atmosphere
in which the thoria orystal is being heated is changed from
oxygen to hydrogen., This type of change has now been studied more
extensively md the sesults are shown in part in Pigure l. Iﬁ ie
important to note thy method wheredy the colour was ascertalned
at a partioular stags of the experiment. The conductivity measure-
moents are made, of course, with the crystal at the temperature noted
on the ocurve, snd thy desired gas flowing sround it, If the colour
1s to be ascertained, the orystal on its supporting strusture 1is
drewn out to a cool seotion which extends outside the furnace.
After adout one minute, the c¢rystal will de eocol enough for its
eolor to be noted. (t 1s then returned to the hot area and con-
ductivity messurements resumed, By colour, then, is meant that
ocolour which 1s observed when the cryaﬁl is cooled rather rapidly
in the atmosphere in whieh 1t has been heated.

Referring to Pigure 4, it is seen that th: conductivity change
in helium wac not sesompeniod dy complete dlsashing firom the
oriprinal rsd enlor wileh was present in oxyzen. This observation

wis not eonciuaivo aince it Ls obvicus from the figurs thet the



b

oondug tivity change had not gone to completion.' On admitiing
hydrogen, simultaneous rapid dleaching snd drop of condﬁotivity
were observed, At the coneluslion of this prosess, the e.tmoaphcrd
was again chanpged baszk to helium with no effect on the conducstivity
(observed by the pulsed method) or on the solor. Now the large
'oonductivlty change 2ue to current drawing in hslium (as previously
descrided) was produjred, and this was found to be adsompanied by

a8 return to the origlnal red coloration, The rapidity of this
chenge is strongly dspendent upon the ocurrent density.

It has been stated that if the orystal was held in hydrogen,
and the conduétivity neasured by infrequent short pulses, no
corductivity of colour changes ocourred, the orystal being blsaoched
an¢. the conduotivity low, If current was passed continuously when
the thorium crystal was heated in hydrogen, a blackering of the
crystal took place, appearing first at the cathode end of the
orystal and spreading out toward the anode, 30 lthnt finally the
whole orystal was black, The dlaskening progressed at the rate
of about 3 mm for eash ocoulomd passed throﬁgh the ory_ntnl. It
the surrent was reverrsed aftor the crystal was dlackened part
way across, the firs’: blackened area would appear to recede toward
the new anods, while a new area of blaciness would sppear at the
new cathode., Thus it is supposed that the blackening is ussociated
with the migration o positive earriers, either metal lons or
oxygen vacancies. Tie blackening prodused could not be bleachsd
ouvi. by heating the crystal in either vacuum of inert gas or hydroe-
geli. It eould he partly cemoved by heating the coystal in oxygen,
but even this treatmmt would not restore the specimen to its
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original optical clerity; oloudiness and irregular dark areas

would still be present.

. 3. Solubility of hydrogen in thorium oxide orystalg.

In the preceding report (May 31, 1952) experiments were
desoribed involving the blesching and conduotivity change of o
heated thoria erystal when the atmosphere around it was changed
from oxygen to hydrogen, In order to further understend the
role of hydrogen in causing the blesshing and lowered conmuvity;
1t was felt necessary to determine whether the hydrogen o;)uld
enter the thoria crystal, in sufficient quantity to account for
the changes observed, The rod coloration is assumed to be due
to the presence of excess oxygen acting as f-centers, also
producing p-type semi-conductor behaviowr, The most sensitive mes~
surenent available has rdlbd to show any weight change associated
with the reddening of a crystal in oxygen, or the bleeching of
a red orystal either in hydrogen or vacuum. The rosults of this

work indicate an upper limit of the amount of excess oxygen in

_the nelghborhood of 2x1017 atoms/oo of thoris, Measurement of

the gas evolved when a crystal was bleached in vacuum indigcated

thet this figure 1s of the oorrect order,

A nmaber of oxygen-reddened orystalis totalling 12 Zrams
in welght were bdleschied at a temperature of 1000° ¢ 1n hydrogen

‘at ono atmosphere prossure. They were then placed in a veouum

systm with ges colloction sand analysis system atteched, (This
systen 1is descrided in Reporis cf Contract NObsr-52592 dated
November 15, 1951 and June 15, 1952). The orystsla were heated
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to 1000° C In this system, and the gas s¢volved measured and
snalysed. Successivs runs of this experiment gave analyses of
80%, 120£and 95% as the hydrc.:gon sontent of the ovolvéd gas.

The scatter, end the value above 100% are due to the inherent
inaccuracy of the system \ihon small quantities of gas are analysed,
Thus we interpret ths results as showing that subatantially 100

of the gas evolved was hydrogen,

In the first run of m: experiment, 2 S of gas (80%
hydrogen mnalysis) were collected. In a subsequent run, made
more carefully, 1t was seen that the quantity q evolved up teo
time t roughly followed the form q = Q(1-e"%%), e shape of the
ourve was not accurately fitted (perhaps due to variations of
tezperature of + 30%). However, the asymptote seemed clearly
enough indicated to snadble one to determine the total quantity
Q with roasonable acouracy. The total amount of gas dissolved in
the thorium oxide orystals then turned out to be adbout § -:3(31'2).
which analysod about 100% hydrogen. The latter value was obtained
twice. Taking the vilue of 5 mm’ as most ascurate, the smount o2
hydrogen dissolved in 1 ce¢ of thorium oxide under the conditions
initially given 1s avout 2,5x10%7 atoms. Thus 1t 1s found thas
tho number of hydrogsn atoms which enter the crystal when it is
dleached are of the same order as the number of excess oxygen
atoms which were estimated to be present. The remarkably good
rgreomant 1s undoubtedly fortuitous, as none of the messuremenias

invoived protcnd %0 this degree 9f accurasy, °
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FIGURE 1. Schaematic Representation of Experimental Arrangement.
Ths thermocouple is coniected to a Leeds & Northrup Type K Potentiometer.

Ths mechanical linkage between S; and S is euch that both may be closed
by pressing S); and aftsr both ars closed, if the pressure is released,
Sy must open Iirst. Whon both ars closed, current starts to flow through
ths crystal and the condenser stsrts to charge. .fter the condenser-
resistor combination har reached equilibrium, the switchas are opened,
and since Sy opens firsi, the voltage on the condenser represents the
current which was flowing. The time constant of the isclated condenser-
elsctrometer circuit is so long that the reading may be made for many
seconds after Sy is opened. The arrangement has been worked owt in
practice so that the whole cycle above descridbed is performed by tapping
Sy momentarily, and & current resding may he obtained while passing only
a small total charge through the crystal.
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FIGURE 2 -~ Conductivity of thoria in oxygen and hydrogen.
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FIGURE 4 -~ Changes of color and condistivity



